INTRODUCTION
foods (ATSDR, 2011) . Also, exposure to high amounts of nitrates/nitrites from soil and water contaminated arise from runoff of nitrogen-containing fertilizers (e.g., potassium nitrate and ammonium nitrate) as being reported in literatures (Akan et al., 2010) . Excessive nitrate exposures by people resulted in acute methemoglobinemia, a serious health condition. Haemoglobin in blood carries oxygen from the lungs to tissues and helps carry carbon dioxide back to the lungs. Haemoglobin in blood contains iron normally found in the Fe 2+ (ferrous) state. An excessive nitrate alters the iron in haemoglobin to the Fe 3+ (ferric) state. This forms methemoglobin, an abnormal form of haemoglobin. As methemoglobin forms, the blood loses its ability to carry oxygen to tissues (anoxia). Methemoglobinemia is a state in which there is an excess of methemoglobin in the blood. Methemoglobinemia can cause cyanosis (blue skin) of limbs/trunk, weakness and rapid heart rate (ATSDR, 2011) . If methemoglobinemia progresses in severity, central nervous system depression can occur this may result to headache, dizziness, fatigue, difficulty in breathing and nausea (Nathan et al., 1977) . Finally, severe methemoglobinemia can cause lethargy, brief loss of consciousness, irregular heartbeat, shock, convulsions, coma, and even death. In fact, methemoglobin levels greater than 50% are potentially fatal (Reddy and Menary, 1990) . Keeping above in view, the present investigation was aimed to evaluate the levels of nitrate in wastewater, soil and vegetable samples grown along Kubanni stream channels in Zaria, Kaduna State, Nigeria.
MATERIALS AND METHODS
Sampling: Wastewater samples from Kubanni stream were obtained on a four-month basis at point of inlet into the river at five different points along the stream channels for the period of two years. Sampling was conducted in the Harmattan, dry and rainy seasons from January 2013 to September 2014. Wastewater samples were collected using composite sampling in a polyethylene plastic containers that were previously cleaned by washing in non-ionic detergent, rinsed with tap water and soaked in 0.1M HNO 3 for 24 hours and finally rinsed with deionized water prior to usage (Ademoroti, 1996) . Sample bottles used were rinsed with sampled water three times and then filled to the brim at a depth of one meter below the wastewater from each of the five designated sampling points. Wastewater sample bottles were labeled, stored in ice-blocked coolers and transported to the laboratory while in the Analytical laboratory; they were stored in the refrigerator at about 4°C prior to the analysis (APHA, 2012). Soil samples were collected at three depths (0-5 cm, 5-10 cm and 10-15 cm) from both sides of the river banks by using spiral auger of 2.5 cm diameter. Soil samples were randomly sampled and bulked together to form a composite sample from each designated point. They were then put in clean plastic bags, labelled and transported to the laboratory. The full grown vegetable of spinach (Amaranthus hybridus), lettuce (Lactuca sativa), cabbage (Brassica oleracea), carrot (Daucus carota), okra (Hibiscus esculentus), onion (Allium cepa) and tomato (Lycopersicon esculenetum) were randomly handpicked from various garden plots along Kubanni stream channels using hand-gloves, bulked together to form a composite sample, wrapped in a big brown envelopes, labeled accordingly and transported to the laboratory.
Sample treatment: Wastewater sample bottles were kept in a refrigerator set at 4 °C prior to analysis (APHA, 2012). Soil samples were air-dried, crushed and sieved through 2 mm mesh sieve. The soil samples were then put in clean plastic bags, sealed and labelled accordingly (Musa et al., 2009) . Each vegetable samples were washed with tap water, followed by deionized water, air dried in the laboratory, grounded to powder and sieved using 250 µm sieve (Munson and Nelson, 1990) .
Determination of nitrate in wastewater: 10 cm 3 of the each wastewater samples were pipetted into sample containers. The content of one (NitraVer 5 Nitrate) reagent powder pillow was added to each wastewater samples. It was stoppered and the cell shaken thoroughly for 1 minute. The sample concentration was read for each wastewater at 500 nm after 5 minute using a portable Data Logging Spectrophotometer (HACH DR/2010). The blank sample was treated in the same manner. The result in mg/L nitrate-nitrogen (NO 3 --N) was displayed. It was multiplied by a conversion factor of 4.427 to get the nitrate concentration (APHA, 2012).
Determination of nitrate in soil samples:
The concentration of the chloride in the soil samples filtrates were firstly determined, the readings of chloride were divided by 10 and known amount of 0.02M Ag 2 SO 4 were added equivalent to the amount of chloride in the filtrates. 5 cm 3 aliquots were then taken into centrifuge test tube and diluted to 10 cm 3 with deionized water. The tubes were centrifuged for 10 minutes until the solutions were clear. 5 cm 3 of the clear solutions were taken in glass evaporating dish, placed on water bath, evaporated to dryness and then cooled. 1 cm 3 of phenoldisulphonic acid solution was added to individual tubes, then 10 cm 3 of deionized waters were added and were transferred into various 100 cm 3 volumetric flasks and were made alkaline by adding 2 cm 3 of concentrated NH 4 OH, diluted to volumes of 50 cm 3 and thoroughly mixed to give a yellow colour and their absorbance were taken at 410 nm using JENA Model UV/ Visible Spectrophotometer for nitrate. The blank was prepared by following the same procedure while omitting the filtrate used for the analysis (Musa et al., 2009 ).
Determination of nitrate in the vegetable samples:
The concentration of nitrate and nitrite analyzed in each of the vegetable samples were carried out using Smart Spectro spectrophotometer (APHA, 2012) . The method is based on diazotization of sulphanilic acid by nitrite in acid solution and the coupling of the resulting diazonium compound with alphanaphthyl-amine to give a red azo-dye (Ademoroti, 1996) . Vegetable samples solutions were prepared by grinding each dried sample into powder. A known amount (1 g) of the powdered sample was transferred into 100 cm 3 flask and soaked with 50 cm 3 of deionized water. The flasks were capped and shaken for 30 minutes, then filtered into another 100 cm 3 volumetric flasks and the volume made to the mark with deionized water. Nitrate was determined spectrophotometrically using standard cadmium reduction method (Radojevic and Bashkin, 1999) . 25 cm 3 of the filtrate that had been previously mixed with 50 cm 3 of NH 4 Cl-EDTA solutions were passed through cadmium column and collected at a rate of 10 cm 3 /minute. 2 cm 3 of sulfanilamide reagent was then added to 50 cm 3 of collected filtrate from column for colour development and was allowed to react for 5 minute with 2 cm 3 of naphthyl-ethylenediamine dihydrochloric acid with the formation of reddish purple azo dye and the absorbance of the solution was then taken at 540 nm (Kenneth, 1990 ).
Statistical analysis:
The results of nitrate in wastewater, soil and vegetables analyzed were expressed in form of bar-charts. The results obtained were subjected to one way Analysis of Variances (ANOVA) and Pearson Product Moment Correlations (PPMC) using Statistical Package for the Social Sciences (SPSS) 20.0 version software. Null hypothesis was adopted and this was set at 95% confidence mean level to check if there is significant difference in the concentrations of nitrate analyzed. Statistical decision for Pearson correlation coefficients (r) were in accordance to Robert (1992) .
RESULTS AND DISCUSSION
The results of nitrate concentrations in wastewater from Kubanni stream channels is shown in Figure 1 . The concentrations determined were in the range of 23.05-283.54 mg/L for the year 2013. Highest level of 283.54 mg/L was found at Industrial area along Jos road followed by Unguwa-fulani (242.75 mg/L) and this was closely followed by 207.93 mg/L at Kwangila sampling site, all these results were obtained in the rainy season whereas the least level of 23.05 mg/L was obtained at Sabon-gari in the dry season. High levels of nitrate during the rainy season could be related to indiscriminate disposal of animal and human faeces from nearby houses into sampling sites coupled with fertilizer runoff from agricultural farmland as suggested by Ikemoto et al. (2002 Ishiwata et al. (2002) . The concentrations determined for nitrate in the year 2014 were in the range of 16.85 -68.05 mg/L. Sabon-gari indicated highest level of 68.05 mg/L during the dry season followed by 43.75 mg/L at Unguwa-fulani also in the dry season and this was closely followed by 41.80 mg/L at the same sampling site but in the rainy season whereas the least level of 16.85 mg/L was recorded during harmattan season at Tundun-wada sampling site. High levels of nitrate during dry and rainy seasons could be as a result of runoff from fertilizers application on farmland as suggested by McCall and Willumsen (1998) High levels of nitrate recorded in 2013 could be as a result of excessive application of manure and nitrogenous fertilizers on farmlands more than required by the vegetables as suggested by Ikemoto et al. (2002) . WHO recommends 45 mg/L as maximum limit for nitrate in wastewater before it could be discharged into surface water and this indicates that concentrations obtained in this study exceeds the limit with exception of rainy season 2014 (27.40-41.80 mg/L). Akan et al. (2008) .50 mg/Kg was found at Kwangila sampling site during the harmattan season followed by 17.90 mg/Kg in the dry season at Sabon-gari and closely followed by 14.45 mg/Kg in the same season at Tundun-wada while the least level of 2.20 mg/ Kg was recorded at Unguwa-fulani sampling site. High levels of nitrate ions during harmattan and dry seasons could be traced to excessive application of manure/fertilizers coupled with uses of wastewater as suggested by Adetunji et al. (2001) and Akan et al. (2008) . Other sites with high concentrations of nitrate were; Sabon-gari (13.90 mg/Kg), Tundun-wada (11.40 mg/Kg) and 10.74 mg/Kg at Industrial-area along Jos road, all these results were obtained in rainy season. Nitrate concentrations were almost the same during rainy season 2013 (10.74-13.90 mg/Kg) across the sampling sites as indicated in Figure  2 . In this period, highest level was found at Sabon-gari (13.90 mg/Kg) while the least concentration of 10.74 mg/Kg was obtained at Industrial area along Jos road. Nitrate had concentrations in the range of 7.27-29.57 mg/Kg for the year 2014. Kwangila (29.57 mg/Kg) showed highest level during dry season followed by 26.93 mg/Kg at both Industrial-area along Jos road and Kwangila sampling sites during harmattan season and this was closely followed by Sabon-gari (26.20 mg/Kg) in the rainy season while the least concentration of 7.27 mg/Kg during harmattan season was found at Sabon-gari. Elevated levels of nitrate in soil during harmattan and dry seasons could be attributed to excessive application of nitrogenous fertilizers coupled with use of wastewater as suggested by Uwah et al. (2007) . Other sampling sites with high concentrations of nitrate were; Industrial-area along Jos road (24.17 mg/Kg) in the dry season, 23.10 mg/Kg at both Kwangila and Tundunwada sampling sites in the rainy season, 18.37 mg/Kg during the harmattan season at Tundun-wada and Unguwa-fulani sampling site (17.75 mg/Kg) during the dry season. The chart revealed high levels of nitrate in 2014 and this could be related to flooding of 2013, this necessitated the application of more nitrogenous fertilizers than usual in the following year as suggested by Uwah et al. (2007) Figure 3 . The concentrations determined were in the range of 4.00-29.98 mg/Kg for the year 2013. Highest level of 29.98 mg/Kg was found during harmattan season in onion followed by 27.54 mg/Kg in lettuce during the rainy season and closely followed by 19.24 mg/Kg in spinach planted during the same rainy season while the least concentration of 4.00 mg/Kg was obtained in tomato cultivated in the harmattan season. Other vegetables with moderate levels of nitrate were; cabbage (18.27 mg/Kg) in the rainy season, okra (17.24 mg/Kg) during dry season, onion (15.42 mg/Kg) in the rainy season, lettuce (13.45 mg/Kg) in the dry season and carrot (12.50 mg/Kg) during harmattan season. Low levels of nitrate were recorded in 2013 which could be attributed to low absorption of nitrate by vegetables as a result of high anion exchange capacity of the soil hindrance its availability to plants as suggested by Shin-shou et al. (2003) . In the year 2014, concentrations obtained were in the range of 5.74-378.40 mg/Kg. Highest level of 378.40 mg/Kg was found in spinach followed by tomato (359.04 mg/ Kg) and closely followed by both lettuce and carrot with concentration of 268.50 mg/Kg, all these results were obtained in the rainy season whereas the least level of 5.74 mg/Kg was obtained in onion cultivated during harmattan season. Elevated levels of nitrate during rainy season could be as a result of excessive application of nitrogenous manure and fertilizers as suggested by Uwah et al. (2007 Akan et al., 2010 (177.89 -674 .22 mg/ Kg) and Uwah et al., 2007 (27.78-904 .60 mg/Kg) which were above the results obtained in the present study. 
